Abstraci -We review our theoretical and experimental work on functional optical devices based on planar photonic crystals. Beside standard photonic applications, these structures can also be used as building blocks of quantum networks.
I. INTRODUCTION
Photonic integrated circuits, and quantum nehuorks in recent years, have been in focus of an enonnous research activity, motivated in part by the need to improve the speed and security of communication systems. Photonic crystals (high-reflectivity mirrors with nano-scale periodic modulation of dielectric constant in up to three dimensions) have been identified as promising candidates for both revolutionizing the integration of optical components, and for building the hardware of quantum networks. Moreover, they can he employed in construction of efficient solid-state light sources. Three-dimensional photonic crystals can be used to manipulate the flow of light in any direction in space, but they are generally very difficult to fabricate. On the other hand, when twodimensional photonic crystals are combined with highrefractive-index contrast slabs for confinement in the third dimension, as illustrated in Fig. I ., most of the functionality of three-dimensional structures can be achieved, while keeping the fabrication procedure simple. By introducing point or line defects into these planar photonic crystals, light can be localized into extremely small volumes (even smaller than a cubic optical wavelength in material), and a variety of optical devices can be constructed and integrated on a single chip.
This article reviews our work on high-quality optical nanocavities in planar photonic crystals [I-21. Our research on photonic crystal waveguides and waveguide bends [3] , and light emitting diodes based on metallic photonic crystals [4] will not be described in this paper, but will be briefly presented in the talk.
HIGH QUALITY OPTICAL NANOCAVITIES IN PLANAR PHOTONIC CRYSTALS
One of the most important properties of photonic crystals is the ability to localize light into extremely small mode volumes -even smaller than a cubic optical wavelength of light. Localization of light into such small volumes opens the possibility to construct high-density photonic integrated circuits, and to experimentally study cavity quantum electrodynamics (QED) phenomena both in the low-and high-Q regimes. These phenomena can be employed in construction of high-efficiency light-emitting diodes, lowthreshold lasers, single-photon sources, and even hardware of quantum networks and quantum computers [5] . Unfortunately, the simplest and most obvious cavity designs in planar photonic crystals suffer from poor quality factors, usually under 1000, limited by significant losses out of the photonic crystal membrane plane, and due to the imperfect confinement by total intemal reflection. Recently, we proposed novel photonic crystal cavity designs, with Q-factors larger than 10000, together with mode volumes of the order of one half of the cubic optical wavelength in the high-refractive-index material [l] . Our cavities are based on a single defect with fractional edge dislocations. Single defect is generated by reducing the radius of a single photonic crystal air hole, or by increasing its rehctive index. Fractional edge dislocations are generated by inserting a fraction of a photonic crystal lanice plane along the central row of holes, as illustrated in Fig. 2 . The fabrication of these stmctures is as simple as a construction of any planar photonic crystal structure, and the sizes and positions of air holes are easily controlled by electron-beam lithography. The SEM micrograph of a fabricated nanocavity is shown in Fig. 3 .
By tuning the elongation parameter p, both the Qfactor and frequency of the x-dipole mode can be tuned, We have also recently demonstrated experimentally the quality factors as high as 2800 for this type of optical nanocavity, where the theory predicted Q-factor of 4000 121. Photoluminescence from InAs quantum dots was used to probe the spectra of cavities, and ow experimental results are shown in Fig. 5 . Theoretically predicted behaviors of Q and frequency of the x-dipole mode as a function of the elongation parameter p are observed. This experimental result repiesents a record ratio of the Q-factor to mode volume in photonic crystals. 
